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(57) ABSTRACT

A mobile device assembly comprises a display module
having a display assembly, the display assembly having a
front surface, a back surface, and a peripheral edge surface;
a chassis supporting the display module from the back
surface of the display assembly; and a circumierential frame
having a front frame portion defining a front opening smaller
than a display module width. The display module 1s pressed
between the front frame portion and the chassis. The chassis

1s attached, by means of an adhesive, to the circumierential
frame.
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PLACING THE DISPLAY ASSEMBLY ON THE FRONT 501
FRAME PORTION
PLACING THE CHASSIS ON THE DISPLAY 502
ASSEMBLY
PRESSING THE DISPLAY ASSEMBLY BETWEEN 503
THE FRONT FRAME PORTION AND THE CHASSIS
ATTACHING, BY MEANS OF AN ADHESIVE, THE 504

CHASSIS TO THE CIRCUMFERENTIAL FRAME

FIG. 7
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1
MOBILE DEVICE ASSEMBLY

BACKGROUND

Various mobile devices incorporate displays for display-
ing information. Such display may also be an interactive,
touch sensitive display providing also a user interface of the
mobile device. It may be desirable that an operable area of
the display covers as big portion of the mobile device
surface as possible.

Optimizing said portion of the device surface, which the
operable area of the display covers, may require that the
mechanical structure of the mobile device assembly incor-
porating a display should only limitedly extend the device
lateral dimensions outside the display. On the other hand,
also the overall thickness of the device may be desired to
keep limited. At the same time, the mechanical structure
should provide suiliciently rigid support for the display to
keep i1t 1n correct place, and to prevent 1t from moving
relative to the other parts of the mobile device.

Further utility improvement may advantageously be pro-
vided by a mobile device assembly facilitating separation of
the display module from the rest of the mobile device

assembly.

SUMMARY

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter.

A mobile device assembly may comprise: a display mod-
ule having a display assembly, the display assembly having
a front surface, a back surtace, and a peripheral edge surface;
a chassis supporting the display module from the back
surface of the display assembly; and a circumierential frame
having a front frame portion defining a front opening smaller
than a display module width. The display assembly may be
pressed between the front frame portion and the chassis, the
chassis being attached, by means of an adhesive, to the
circumierential frame.

Many of the attendant features will be more readily
appreciated as the same becomes better understood by
reference to the following detailed description considered in

connection with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

The present description will be better understood from the
tollowing detailed description read in light of the accompa-
nying drawings, wherein:

FIG. 1 shows a detail view of a mobile device assembly;

FIG. 2 shows a front view of a mobile device assembly;

FIG. 3 shows a front view of a mobile device assembly;

FIG. 4 shows a front view and an exploded view of a
mobile device;

FIG. 5 shows a detail view of a mobile device assembly
of FIG. 4;

FIG. 6 shows a detail view of a mobile device assembly
of FIG. 4; and

FIG. 7 shows a manufacturing method.

DETAILED DESCRIPTION

The detailed description provided below 1n connection
with the appended drawings 1s imntended as a description of
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the present examples and 1s not intended to represent the
only forms in which the present example may be constructed
or utilized. The description sets forth the functions of the
example and the sequence of steps for constructing and
operating the example. However, the same or equivalent
functions and sequences may be accomplished by different
examples.

Although some of the present examples may be described
and 1illustrated herein as being implemented 1 or for a
smartphone or a mobile phone, these are only examples of
a mobile device and not a limitation. As those skilled 1n the
art will appreciate, the present examples are suitable for
application in a variety of diflerent types of mobile devices,
especially electronic mobile devices, for example, 1n tablet
computers, game consoles or game controllers, efc.

FIG. 1 shows, as a schematic drawing, a partial cross-
section ol a mobile device assembly 100 incorporating a
display module 1035. The mobile device assembly may be
¢.g. an assembly for a smartphone, mobile phone, tablet
computer, or a game controller, or any other mobile device
incorporating a display.

By “mobile device assembly” 1s meant 1n this specifica-
tion generally an assembly which may form or may be
intended to form a part of a complete mobile device, or a
complete mobile device.

The display module 105 comprises a display assembly
110.

By “display assembly” 1s meant 1n this specification
generally an assembly comprising an electronic display
clement capable of displaying information to the outside of
the mobile device assembly or mobile device into which 1t
1s icorporated. The display element may be based on any
appropriate display technology, including, for example,
LCD (Liquid Crystal Display), OLED (Organic Light-Emiut-
ting Diode), and AMOLED (Active-Matrix Organic Light-
Emitting Diode), and any of their vanants. The display
assembly may comprise a passive display element for pre-
senting information one-directionally only, without any
interactivity. The display assembly may also comprise e.g.
an interactive display, operable e.g. by touching i1t. Such
touch display or touch screen, capable of providing a touch
based user 1nterface, may be based on any appropnate touch
sensing technology, such as capacitive and resistive tech-
nologies and their variants.

A display assembly, such as that of FIG. 1, may comprise
several structural and/or operational layers and partial ele-
ments. For example, it may comprise, in the case of a touch
screen, a touch sensitive layer and one or more display
layers superposed on each other. The structure and shape of
the display assembly 1s generally plate-like with 1ts lateral
dimensions substantially larger than 1ts thickness.

The display assembly 110 has a front surface 111, a back
surface 112, and a peripheral edge surface 113 forming a
side surface of the display assembly, joining together the
front surface and the back surface.

In this specification, “front” refers to the direction and
side facing towards the direction to which side the display
assembly displays, when 1n use, information. Thus, the front
side of a mobile device assembly or a mobile device means
the side from which the user of a mobile device can see the
information displayed by the display assembly. Correspond-
ingly, “back’ refers to the opposite direction and side facing
towards the back side of the mobile device assembly or a
mobile device incorporating such mobile device assembly.

The mobile device assembly 100 comprises also a chassis
120. The chassis supports the display module from the back
surface 112 of the display assembly. Said support provided
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by the chassis means that the display assembly lies on the
chassis, possibly separated therefrom by some intermediate
layer(s) or element(s), with the back surface thereof facing
towards the chassis. Thereby, the chassis prevents the dis-
play assembly from moving towards the back side of the
mobile device assembly. The chassis may also serve as a
mounting substrate for various mobile device components
and elements.

In the example of FIG. 1, the chassis comprises two parts,
a chassis plate 121 and a chassis support part 122 attached
to the chassis plate. In the example of FIG. 1, the chassis
support part lies on the edge area of the chassis plate, the
chassis plate being curved so that said edge area lies at a
different level than the chassis plate central area. The chassis
support part thickness 1s adjusted so that the chassis support
part extends higher, 1.e. farther towards the front side of the
mobile device assembly, than the chassis plate. The chassis
support part 1s 1n contact with the display assembly back
surface 112, whereas there 1s a gap between the chassis plate
central area and the display assembly. There may be, for
example, some mobile device components or elements, such
as tlexible cables or circuit boards (not shown 1n the draw-
ing), located 1n said gap.

The mobile device assembly 1s surrounded by a circum-
terential frame 130, 1.e. a frame forming a closed circum-
terence. The circumierential frame may be designed to form
a part of an outer casing of a complete mobile device, a part
of which the mobile device assembly forms or 1s intended to
form.

The circumierential frame comprises a front frame por-
tion 131 extending laterally, 1.e. 1n the lateral direction of the
display assembly, partially over the display module. The
front frame portion may extend as a continuous structure
over the entire circumference of the circumferential frame,
thereby forming a closed circumierential structure. In some
application 1t may also be possible that the front frame
portion just comprises discrete front frame sections at oppo-
site sides of the circumierential frame. In both cases, when
observing a cross section of the mobile device assembly 100
at a location where the front frame portion exists at opposite
sides of the mobile device assembly, the front frame portion
defines a front opening 135 which 1s smaller than the width
WD of the display module 105 at the plane of that cross
section. In the case of a continuous front frame portion 131
forming a closed circumierential structure, the front frame
portion may advantageously define such front opening,
smaller than the width of the display assembly, in any cross
sectional plane of the mobile device assembly.

In the example of FIG. 1, the circumierential frame also
comprises a side frame portion 132. The side frame portion
encloses the peripheral edge surface 113 of the display
assembly. The front frame portion 131 and the side frame
portion 132 form one single integral circumierential frame
structure. When observed 1n the cross-sectional plane 1llus-
trated 1n FIG. 1, the side frame portion extends mainly in the
thickness direction of the mobile device assembly. The front
frame portion 131 1s connected to the upper end, 1.¢. to the
end at the front side of the mobile device assembly, of the
side frame portion 132, and extends mainly laterally there-
from towards the central area of the mobile device assembly.

As an alternative to the example of FIG. 1, the side frame
portion could enclose the peripheral edge surface of the
display assembly only partially. This could be implemented
¢.g. by means of a side frame portion having a height lower
than the thickness of the display assembly so that the
lowermost portion of the display assembly would not be
enclosed by the side frame portion.
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The side frame portion 132 of the circumierential frame
defines a back opening 136 which 1s larger than the display
module width WD.

The chassis 120 and the circumierential frame 130 are
attached together so located relative to each other that the
display module 105 1s pressed between the chassis and the
front frame portion 131 of the circumierential frame. In
other words, the chassis and the front frame portion are so
close to each other 1n the thickness direction of the mobile
device assembly that they cause oppositely directed com-
pressive forces to be applied to the display module. In the
example of FIG. 1, this 1s implemented by that the front
frame portion 131 of the circumierential frame presses the
front surface 111 of the display assembly, on the edge area
thereol, towards the back side of the mobile device assem-
bly, and the chassis support part presses the back surface 112
of the display assembly, on the edge area thereof, to the
opposite direction, 1.¢. towards the front side of the mobile

device assembly.

Such pressing does not necessitate that the front frame
portion 131 and the chassis 120 are in direct contact with the
display module. An example of indirect contact 1s seen 1n the
example of FIG. 1, where a front gasket 160, made of
resilient material, 1s located between the display assembly
110 and the front frame portion 131. The front gasket forms
a sealing between the front frame portion and the display
assembly. As a resilient structure, it may also serve as a
spring-like element conveying, or forwarding, the pressing
force from the front frame portion 131 to the display
assembly. Similarly, there could be a gasket or cushion also
between the back surface of the display assembly and the
chassis.

The mutual location of the chassis and the circumierential
frame 1n the thickness direction of the mobile device assem-
bly, said mutual location providing said pressing eflect, 1s
fixed by having the chassis and the circumierential frame
attached to each other by means of an adhesive block 140.
In the example of FIG. 3, this 1s implemented by attaching
the chassis, from the support part 122 thereot, to the side
frame portion 132 of the circumierential frame. There may
be adhesive between the chassis and the circumierential
frame at each location along the periphery of the chassis,
thereby forming a continuous, circumierential adhesive joint
between those two elements of the mobile device assembly.
Alternatively, adhesive blocks may be present at a plurality
of discrete locations along the periphery of the chassis only.

The display module 105 of the mobile device assembly of
FIG. 1 comprises also a window plate 115 having a window
plate front surface 116, a window plate back surface 117, and
a window plate edge 118. The window plate may be made
c.g. of a glass. The window plate may serve for protective
purposes, 1.e. protecting the display assembly. It may also
aflect the optical performance of the display module. In the
case of a display assembly implemented as a touch screen,
the window plate front surface may form the actual touch
surface which the user of a mobile device, 1n which the
mobile device assembly 1s incorporated, touches.

The window plate 1s mounted, e.g. by means of an
adhesive or by bonding, on the front surface 111 of the
display assembly, with the window plate back surface 117
facing towards the display assembly. The window plate has
a window width W, which 1s smaller than the front opening
135 defined by the front frame portion 131 so that the
window plate fits 1 the front opening. Said width being
smaller than the front opening 133, which in turn 1s smaller
than the width WD of the display module, results 1n that the
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display assembly 110 extends beyond the window plate edge
118 and defines the window assembly width.

The mobile device assembly of FIG. 1 may provide
advantageous ellects. For example, by having the display
module pressed between the front frame portion and the
chassis, the display module may be kept securely 1n 1ts place
in the mobile device assembly. The mutual locations of the
chassis and the front frame portion of the circumierential
frame, as well as their structures, may be advantageously so
selected and designed that the compressive forces applied to
the display module are suflicient for keeping the display
module 1n 1ts place without any need to mount the display
module to any surrounding mobile device assembly e.g. by
means of an adhesive. Then, the display module may be
separated from the mobile device assembly simply by sepa-
rating the chassis and the frame from each other, and
removing the display module via the back opening, after
which 1t 1s ready for reuse. Alternatively, 1n the case of a
broken display module, the removed display module can be
replaced by a new one

Further, by having the chassis and the circumierential
frame attached together by means of an adhesive, no
mechanical mounting means such as screws or snap joint
structures are necessitated. In other words, an attachment by
means of the adhesive only 1s possible. This may allow
having a circumierential frame structure which 1s narrow in
the lateral direction of the mobile device assembly. This may
turther allow having a narrow dead band, 1.e. the edge
portion of the mobile device assembly extending laterally
outside the operable area of the display module. Thus, a
large portion of the mobile device assembly may be covered
by the operable areca of the display module, 1.e. the area
thereol usable for displaying information to the user of a
mobile device incorporating the mobile device assembly.
Further, the attachment of the chassis to the circumferential
frame by means of an adhesive may be straightforward to
unmount by just removing the adhesive of breaking the
adhesive joint.

Many details of a mobile device assembly may vary from
those of the FIG. 1 example. For example, the chassis shape
and the attachment of the chassis plate to the chassis support

part may be implemented differently from the example of

FIG. 1. As one example, the chassis plate may be without
any curved edge section. It 1s also possible that the chassis
plate, mstead of the chassis support part, 1s 1n contact,
directly or via an intermediate cushion layer, with the
display assembly back surface, thereby supporting the dis-
play module.

Naturally, also the details of the circumierential frame
may vary. For example, the cross-sectional dimensions and
shapes thereof may be designed differently from FIG. 1
representing just a schematic drawing not 1n scale. It 1s also
possible that the circumierential frame comprises no side
frame portion at all. In such case, the chassis may be shaped
and dimensioned so that 1t may be attached directly to the
front frame section.

FIG. 2 shows as a front view a mobile device assembly
200 which may be, for example, a mobile device assembly
similar to the one illustrated 1n FIG. 1. The mobile device
comprises a display module 205 with a window plate 215 as
the outermost part thereol. The mobile device assembly
comprises a circumierential frame 230 having a front frame
portion 231 forming a closed circumierential structure. The
front frame portion defines a front opening 235 which 1is
slightly larger than the width of the window plate 215 so that
the latter lies in the opening. Below the window plate, not
separately visible 1n the drawing, there 1s a display assembly
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6

210 which 1s shightly larger in the lateral direction than the
front opening 235 so that the edges thereof extend behind the
front frame portion.

The display module 1s pressed between the front frame
portion and a chassis (not shown in the drawing) supporting
the display module from backwards, and being attached, by
means of an adhesive, to the circumierential frame.

FIG. 3 shows as a front view a mobile device assembly
300 which may be, for example, a mobile device assembly
similar to the one 1illustrated 1n FIG. 1. The mobile device
comprises a display module 305 with a window plate 315 as
the outermost part therecol. The mobile device assembly
comprises a circumierential frame 330 having a front frame
portion comprising two discrete front frame sections 331a,
33156 lying at opposite sides of the display. The front frame
portion defines a front opening 335 which 1s slightly larger
than the window plate 315 at the location of the front frame
sections so that the latter lies in the opening. Below the
window plate, not separately visible 1n the drawing, there 1s
a display assembly 310 which, at the location of the front
frame sections 331a, 3315, 1s slightly wider than the front
opening 235 so that the edges thereof extend behind the front
frame portion.

The display module 1s pressed between the front frame
portion and a chassis (not shown in the drawing) supporting
the display module from backwards, and being attached, by
means of an adhesive, to the circumierential frame.

Outside the front frame sections, the display module 305
may simply lie on the circumierential frame, possibly
mounted thereto. Alternatively, outside those front frame
sections, the window plate may extend beyond the edge of
the display assembly 310 and thus form the outermost edge,
in the lateral direction, of the display module. In this latter
example, 1n those areas outside the front frame sections, the
window plate edge areas could lie on the circumierential
frame, possibly mounted thereto.

In any of the examples above, the circumierential frame,
at least the front frame portion thereof, may be designed and
configured to serve as a part of an outer casing of a mobile
device 1n which the mobile device assembly 1s or 1s intended
to be mcorporated. Thus, 1t 1s possible that no other outer
casing 1s required to cover the circumierential frame.

The mobile device 401 shown 1n the front view and the
exploded view of FIG. 4 comprises a display module 405
having a window plate 415 as 1ts outermost part 1n the
thickness direction of the mobile device. The window plate
has a window plate front surface 416, a window plate back
surface 417, and a window plate edge 418, which are more
clearly illustrated in FIG. 3§ and FIG. 6.

The display module also comprises a display assembly
410 having a front surface 411, a back surface 412, and a
peripheral edge surface 413, which are more clearly illus-
trated 1 FIG. 5 and FIG. 6. The display assembly may
comprise a touch screen, 1.¢. a touch sensitive interactive
display.

The window plate 415 1s mounted from the window plate
back surface to the front surface of the display assembly.

Below the display module, there 1s a chassis 420 support-
ing the display module 405 from the back side thereof,
actually from the back surface of the display assembly.
However, the chassis 1s not 1n direct contact with the display
assembly but there 1s an intermediate cushion plate 463
between the chassis and the display assembly.

The chassis 420 comprises a chassis plate 421 and a
chassis support part 422 integrally attached together.

Various mobile device elements, such as a battery 491 and
a printed wiring board (PWB) 492, are located on the back
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side of the chassis plate 421. A plurality of components, such
as a camera module (not shown in the drawing), may be
mounted to or mtegrated in the printed wiring board.

The mobile device 401 comprises further a circumieren-
tial frame 430 comprising a front frame portion 431 and a >
side frame portion 432, those two portions forming an
integral, inseparable frame structure. The side frame portion
encloses the display assembly 410 and the chassis 420. The
side frame portion defines a back opening 436, better visible
in FIG. 5 and FIG. 6, larger than the chassis and the display
module. The front frame portion 431 extends laterally from
the front edge of the side frame portion towards the central
area of the mobile device. The front frame portion forms a
closed circumierential structure, and defines a front opening
435 which 1s, 1n each lateral direction, smaller than the
display module width in that direction.

The window plate 415 1s smaller than the front opening
435 so that 1t fits therein.

The chassis 1s attached, via the chassis support part 422, ¢
to the side frame portion 432 of the circumierential frame,
by means on an adhesive (not shown in FIG. 4). The relative
locations of the chassis and the circumierential frame 1n the
thickness direction of the mobile device are so fixed by said
attachment by means of the adhesive that opposite compres- 25
s1ve forces are applied to the back and the front surfaces 412,
411 of the display assembly. The display module 1s thus
pressed between the front frame portion 431 of the circum-
terential frame and the chassis. Thereby, the display assem-
bly may be kept securely 1n 1ts place 1n the mobile device.

A front gasket 460 1n the form of a gasket ring, which may
be formed of a resilient material, 1s located between the front
frame portion 431 of the circumierential frame and the
display module 405.

As will be discussed 1n more detail below, there are two
window carriers 470 mounted to the window plate back
surface 417 at opposite ends of the window plate by means
of adhesive regions 471. At one end of the mobile device, an
additional carrier frame 475 1s located beneath the chassis 4g
420.

As the outermost part on the back side of the mobile
device, there 1s a back cover 480. The back cover 1s mounted
by means of an adhesive ring 481 to the back side edge of
the side frame portion 432 of the circumierential frame. The 45
back cover also comprise snap protrusions 482 fitted to
corresponding snap recesses 433 arranged in the side frame
part 432 of the circumierential frame.

The outer casing of the mobile device 401 1s thus mainly
tformed by the circumierential frame 430, the window plate 50
415, and the back cover 480.

FIG. 5 shows a partial cross section of the mobile device
401 at location A marked to the side edge of the mobile
device mn FIG. 4. FIG. 6 shows a partial cross section of the

mobile device 401 at location B marked to the bottom edge 55
of the mobile device 1n FIG. 4.

As shown 1n FIG. 5 and FIG. 6, the window plate 415 1s
mounted from its back surface 417 to the front surface 411
of the display assembly by means of an adhesive layer 485.

As shown 1n FIG. 5, at the cross-section A, the window 60
plate 415 1s narrower than the front opening 435 defined by
the front frame portion 431 of the circumierential frame. The
display assembly 410 extends, in this part of the mobile
device, beyond the window plate edge 418, and thus defines
the display module width at that location. The front frame 65
portion presses the edge area of the display assembly
towards the back side of the mobile device assembly.
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At the location A, the chassis has a planar upper surface
so that both the chassis plate and the chassis support part
support the display module from the back surface 412 of the
display assembly.

As shown 1n FIG. 6, at the cross-section B, the window
plate 415 extends beyond the display assembly edge. So, the
window plate back surface has a free edge area 419 which
does not lie on the display assembly 410. The window
carrier 470 1s mounted to the window plate, to this free edge
area of the window plate back surface 417, by means of the
adhesive region 471. The window carrier extends beyond the
window plate edge 418, and thus defines the display module
width at this location. The front frame portion 431 presses
the edge area of the window carrier towards the back side of
the mobile device. The pressing force 1s conveyed via the
window plate edge area to the front surface 411 of the
display assembly. Because the chassis 420 supports the
display module from the back side thereof, from the back
surface 412 of the display assembly, the front frame portion
and the chassis cause opposite compressive forces to be
applied on the front surface and the back surface of the
display assembly, respectively. Thereby, the display module
1s pressed between the chassis and the front frame portion.

In FIG. 5 and FIG. 6, an adhesive block 440 attaching the
side frame portion 432 and the chassis support part 422
together, 1s shown. The adhesive block may form a continu-
ous, closed ring structure over the entire circumierence of
the mobile device. Alternatively, there may be a plurality of
discrete adhesive blocks located along said circumierence.

Naturally, it 1s also possible to have a mobile device
where there are no diflerent arecas where the pressing of the
display module 1s arranged differently, as 1s the case 1n the
example illustrated i FIG. 4, FIG. 5, and FIG. 6. It would
thus be possible that the structure of the mobile device
would be 1n accordance with one of FIG. 5 and FIG. 6
throughout the entire periphery of the mobile device.

In the following, some aspects common for those different
mobile device assembly and mobile device examples
described above are discussed.

The circumierential frame may be made of a metal, such
as aluminum, stainless steel, or magnesium, or any alloy
thereof. Alternatively, 1t may be made of a plastic, such as
polycarbonate (PC), polyamide (PA), or acrylonitrile buta-
diene styrene (ABS), or a combination thereof, e.g.
PC/ABS. By using a plastic, a light-weight frame may be
made with accurate shapes and dimensions. A plastic cir-
cumierential frame may also be a low cost, disposable
clement which can be broken 11 the display assembly is to be
removed from the mobile device or mobile device assembly.

The chassis plate may be formed of a plastic or a metal,
for example. The chassis support part may be formed, for
example, of a plastic. Suitable metals for the chassis plate
include, for example, aluminum, stainless steel, and mag-
nesium. Suitable plastics for the chassis support part include,
for example, polycarbonate (PC) and polyamide (PA). In the
case ol a metal chassis plate and a plastic chassis support
part, the integral attachment of those two parts may be
achieved e.g. by molding the chassis support part so that the
chassis plate edge area remains within the molded chassis
support part.

By “adhesive” 1s meant 1n this specification any material
capable of providing suflicient adhesive forces for attaching
two bodies together. Examples of adhesives are various
types of glues. For example, the adhesive attaching the
chassis and the circumierential frame may be of any type of
glue which 1s suitable for joining together the materials of
the chassis and the circumierential frame. Such glue may be
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ol a dispenser-applicable type. An adhesive may be applied
as a flowable, curable glue which 1s then cured automatically
or e.g. by means of heat. An adhesive may also be mnitially
inactive, 1.e. without any adhesive property or having only
limited adhesive property, and activable by means of an
activating agent or e.g. heat. An adhesive may also be
applied between two bodies 1n the form of an adhesive film
or an adhesive tape. For example, 1n the case of the adhesive
attaching the chassis and the circumierential frame together,
the adhesive may be heat releasable adhesive. This may
tacilitate the separation of the chassis and the circumieren-
tial frame.

The thickness of the front frame portion and, 1n the case
of a front gasket present between the display module and the
front frame portion of the circumierential frame, also the
thickness of the gasket may be adapted so that the overall
thickness of the front gasket and the possible gasket, the
latter being 1n 1ts compressed state 1n the completed assem-
bly, 1s higher than the thickness of the window plate. This
may help protection of the window plate, the front surface
thereol remaining behind the plane defined by the front
frame portion.

The mobile device assembly and the mobile device, as
well as various parts thereof 1n the above examples are
illustrated and named 1n a way which might indicate a planar
shape and nature of those assembly, device, and parts.
However, any of a mobile device assembly, a mobile device,
and parts thereol may also deviate from purely planar nature
and be formed, for example, as a curved body.

The method of FIG. 7 may be used for manufacturing or
assembling a mobile device assembly which comprises: a
display module comprising a display assembly, the display
assembly having a front surface and a back surface; a chassis
supporting the display module from the back surface of the
display assembly; and a circumierential frame having a front
frame portion defining a front opening smaller than a display
module width.

The mobile device assembly may be similar to, but 1s not
limited to, those mobile device assembly examples
described above, or an assembly forming a part of the above
mobile device example. On the other hand, what 1s described
above about the definitions, the details, the ways of 1imple-
mentation, and the advantageous eflects of the mobile device
assemblies and the mobile devices apply, mutatis mutandis,
to the method aspect discussed below. The same apply vice
versa.

The method comprises placing the display module on the
front frame portion of the circumierential frame 1n step 501;
placing the chassis on the display module i step 502,
thereby pressing the display module between the front frame
portion and the chassis 1n step 503; and attaching, by means
of an adhesive, the chassis to the circumierential frame in
step 504 so that the display module remains pressed between
the chassis and the front frame portion of the circumierential
frame.

Said phases of the method may be performed sequentially.
On the other hand, it 1s not necessary to first place the
display module on the front frame portion, followed by
placing the chassis on the display module, and only there-
alter press the display module between the front frame
portion and the chassis. Instead, two or more of those phases
may be performed simultaneously. For example, the chassis
and the display module may be brought together on the front

frame portion.
As discussed 1n the context of the mobile device assembly
and the mobile device aspects above, there may be also
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vartous additional layers, such as cushions, gaskets, and
adhesive layers, between those three elements superposed 1n
the method of FIG. 7.

Using the method of FIG. 7, a mobile device assembly
may be assembled from the back side thereof. In other
words, the different parts of the assembly may be inserted
into the assembly from the back side thereof via the back
opening, and brought on the front frame portion of the
circumierential frame forming the foremost part of the
assembly.

The adhesive for attaching the chassis to the circumier-
ential frame, thereby fixing the relative locations of the
chassis and the circumierential frame 1n the thickness direc-
tion of the mobile device assembly may be a curable
adhesive which 1s applied between the chassis and the
circumierential frame 1n flowable form or state.

Some aspects ol certain embodiments are shortly dis-
cussed 1n the following.

A mobile device assembly comprises: a display module
comprising a display assembly, the display assembly having
a front surface, a back surface, and a peripheral edge surtace;
a chassis supporting the display module from the back
surface of the display assembly; and a circumierential frame
having a front frame portion defining a front opening smaller
than a display module width; the display module being
pressed between the front frame portion and the chassis, the
chassis being attached, by means of an adhesive, to the
circumierential frame.

On the other hand, a mobile device may comprise: a
display module comprising a display assembly, the display
assembly having a front surface and a back surface; a chassis
supporting the display module from the back surface of the
display assembly; and a circumierential {frame having a front
frame portion defining a front opening smaller than a display
module width; the front frame portion and the chassis being
attached together, by means of an adhesive, so located
relative to each other that the front frame portion and the
chassis cause opposite compressive forces to be applied on
the front surface and the back surface of the display assem-
bly, respectively. The display assembly may further have a
peripheral edge surface.

In an embodiment, the circumferential frame further has
a side frame portion, at least partially enclosing the possible
peripheral edge surface of the display assembly, the chassis
being attached, by means of the adhesive, to the side frame
portion of the circumierential frame.

In an embodiment with a side frame portion, the side
frame portion defines a back opening larger than the display
module width.

In an embodiment which may be combined with any of
the above embodiments, the chassis comprises a chassis
plate and a chassis support part integrally attached together,
the chassis being attached, by means of the adhesive, to the
circumierential frame via the chassis support part. The
chassis plate may be made of a metal, and the chassis
support part 1s made of a plastic.

In an embodiment which may be combined with any of
the above embodiments, the assembly comprises a front
gasket between the display module and the front frame
portion of the circumierential frame.

In an embodiment which may be combined with any of
the above embodiments, the assembly comprises a back
cushion of a resilient material between the back surface of
the display assembly and the chassis.

In an embodiment which may be combined with any of
the above embodiments, the circumferential frame 1s made
ol a plastic.
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In an embodiment which may be combined with any of
the above embodiments, the adhesive comprises a heat
releasable adhesive.

In an embodiment which may be combined with any of
the above embodiments, the front frame portion comprises
discrete front frame sections at opposite sides of the cir-
cumierential frame, the front opening being defined by the
discrete front frame sections. In an alternative embodiment,
the front frame portion forms a closed circumierential
structure.

In an embodiment which may be combined with any of
the above embodiments, the display module comprises a
window plate having a window plate back surface, a window
plate front surface, and a window plate edge, the window
plate being mounted on the front surface of the display
assembly with the window plate back surface facing the
display assembly, the window element having a window
width smaller than the front opening.

In an embodiment where the display module comprises a
window plate, there 1s a front gasket between the display
module and the front frame portion of the circumierential
frame, wherein the window plate, the front gasket, and the
front frame portion have thicknesses which cause the overall
thickness of the front frame portion and the front gasket
being higher than the thickness of the window plate.

In an embodiment where the display module comprises a
window plate, and the mobile device assembly possibly
comprises also a front gasket, the display assembly extends
beyond the window plate edge, the display assembly thereby
defining the display module width. In an alternative embodi-
ment where the display module comprises a window plate,
and the mobile device assembly possibly comprises also a
front gasket, the window plate extends beyond the edge of
the display assembly, the window plate back surface thereby
having a free edge area, and wherein the display module
turther comprises a window carrier mounted on the free
edge area, the window carrier extending beyond the window
plate edge, thereby defining the display module width. In an
embodiment, the window carrier 1s made of a plastic.

In another aspect, a mobile device comprises: a display
module comprising a display assembly, the display assembly
having a front surface and a back surface; a chassis sup-
porting the display module from the back surface of the
display assembly; and a circumierential frame having a front
frame portion defining a front opening smaller than a display
module width; the front frame portion and the chassis being
attached together, by means of an adhesive, so located
relative to each other that the front frame portion and the
chassis cause opposite compressive forces to be applied on
the front surface and the back surface of the display assem-
bly, respectively.

On the other hand, a mobile device may comprise a
mobile device assembly as any of those examples discussed
above.

In an embodiment of a mobile device as either of those
two examples above, the circumierential frame forms a part
ol an outer casing of the mobile device.

In yet another aspect, a method 1s suitable for manufac-
turing a mobile device assembly comprising: a display
module comprising a display assembly, the display assembly
having a front surface and a back surface; a chassis sup-
porting the display module from the back surface of the
display assembly; and a circumierential frame having a front
frame portion defining a front opening smaller than a display
module width. The method comprises: placing the display
module on the front frame portion of the circumierential
frame with the front surface of the display assembly facing
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the front frame portion; placing the chassis on the back
surface of the display module, thereby pressing the display
module between the front frame portion and the chassis; and
attaching, by means of an adhesive, the chassis to the
circumierential frame so that the display module remains
pressed between the chassis and the front frame portion of
the circumierential frame.

In an embodiment, said attaching the chassis to the
circumierential frame comprises applying a curable adhe-
sive, 1n Hlowable state, between the chassis and the circum-
ferential frame. Said curable adhesive may be then cured,
¢.g. by means of heat, to complete the attachment.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, 1t 1s to be understood that the subject matter defined 1n
the appended claims 1s not necessarily limited to the specific
features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.

It will be understood that the benefits and advantages
described above may relate to one embodiment or may relate
to several embodiments. The embodiments are not limited to
those that solve any or all of the stated problems or those that
have any or all of the stated benefits and advantages. It will
turther be understood that reference to ‘an’ item refers to one
or more of those items.

The term ‘comprising’ 1s used herein to mean including
the method blocks or elements identified, but that such
blocks or elements do not comprise an exclusive list and a
method or apparatus may contain additional blocks or ele-
ments.

It will be understood that the above description 1s given by
way ol example only and that various modifications may be
made by those skilled in the art. The above specification,
examples and data provide a complete description of the
structure and use of exemplary embodiments. Although
vartous embodiments have been described above with a
certain degree of particularity, or with reference to one or
more individual embodiments, those skilled in the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this specifica-
tion. In particular, the individual features, elements, or parts
described 1n the context of one example, may be connected
in any combination to any other example also.

The mvention claimed 1s:

1. A mobile device assembly comprising: a display mod-
ule comprising a display assembly, the display assembly
having a front surface, a back surface, and a peripheral edge
surface; a chassis supporting the display module from the
back surface of the display assembly; a circumierential
frame having a front frame portion defining a front opening
smaller than a display module width, the display module
being pressed between the front frame portion and the
chassis, the chassis being attached, by means of an adhesive,
to an 1nterior side of the circumierential frame, a portion of
the interior side of the circumierential frame being perpen-
dicular to the display module; and a back cover on an
outermost back side of the mobile device assembly, the back
cover comprising an end, a surface of the end of the back
cover being parallel with the portion of the interior side of
the circumierential frame and directly abutting the portion of
the 1nterior side of the circumierential frame.

2. A mobile device assembly as defined in claim 1,
wherein the circumierential frame further has a side frame
portion, at least partially enclosing the peripheral edge
surface of the display assembly, the chassis being attached,
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by means of the adhesive, to the side frame portion of the
circumierential frame, and the back cover being attached to
the side frame portion.

3. A mobile device assembly as defined 1in claim 2,
wherein the side frame portion defines a back opeming larger
than the display module width.

4. A mobile device assembly as defined 1in claim 1,
wherein the chassis comprises a chassis plate and a chassis
support part integrally attached together, the chassis being
attached, by means of the adhesive, to the circumierential
frame via the chassis support part.

5. A mobile device assembly as defined in claim 4,
wherein the chassis plate 1s made of a metal, and the chassis
support part 1s made of a plastic.

6. A mobile device assembly as defined i claim 1,
wherein the assembly comprises a front gasket between the
display module and the front frame portion of the circum-
terential frame.

7. A mobile device assembly as defined 1in claim 1,
wherein the assembly comprises a back cushion of a resilient
material between the back surface of the display assembly
and the chassis.

8. A mobile device assembly as defined in claim 1,
wherein the circumierential frame 1s made of a plastic.

9. A mobile device assembly as defined in claim 1,
wherein the adhesive comprises a heat releasable adhesive.

10. A mobile device assembly as defined 1 claim 1,
wherein the front frame portion comprises discrete front
frame sections at opposite sides of the circumierential frame,
the front opening being defined by the discrete front frame
sections.

11. A mobile device assembly as defined 1n claim 1,
wherein the front frame portion forms a closed circumier-
ential structure.

12. A mobile device assembly as defined i claim 1,
wherein the display module comprises a window plate
having a window plate back surface, a window plate front
surface, and a window plate edge, the window plate being
mounted on the front surface of the display assembly with
the window plate back surface facing the display assembly,
the window plate having a window width smaller than the
front opening.

13. A mobile device assembly as defined 1n claim 12,
turther comprising a front gasket between the display mod-
ule and the front frame portion of the circumierential frame,
wherein the window plate, the front gasket, and the front
frame portion have thicknesses which cause the overall
thickness of the front frame portion and the front gasket
being higher than the thickness of the window plate.

14. A mobile device assembly as defined 1n claim 12,
wherein the display assembly extends beyond the window
plate edge, the display assembly thereby defining the display
module width.

15. A mobile device assembly as defined 1n claim 12,
wherein the window plate extends beyond the edge of the
display assembly, the window plate back surface thereby
having a free edge area, and wherein the display module
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further comprises a window carrier mounted on the free
edge area, the window carrier extending beyond the window
plate edge, thereby defining the display module wadth.

16. A mobile device assembly as defined 1n claim 185,
wherein the window carrier 1s made of a plastic.

17. A mobile device comprising: a display module com-
prising a display assembly, the display assembly having a
front surface and a back surface; a chassis supporting the
display module from the back surface of the display assem-
bly; and a circumiferential frame having a front frame
portion defining a front opening smaller than a display
module width, an interior side of the circumferential frame
and the chassis being attached together, by means of an
adhesive, so located relative to each other that the front
frame portion and the chassis cause opposite compressive
forces to be applied on the front surface and the back surface
of the display assembly, respectively, a portion of the interior
side of the circumierential frame being perpendicular to the
display module; and a back cover on an outermost back side
of the mobile device, the back cover comprising an end, a
surface of the end of the back cover being parallel with the
portion of the mterior side of the circumierential frame and
directly abutting the portion of the interior side of the
circumierential frame.

18. A mobile device as defined in claim 17, wherein the
circumierential frame forms a part of an outer casing of the
mobile device.

19. A method for manufacturing a mobile device assem-
bly comprising a display module comprising a display
assembly, the display assembly having a front surface and a
back surface; a chassis supporting the display module from
the back surface of the display assembly; a circumierential
frame having a front frame portion defining a front opening
smaller than a display module width; and a back cover on an
outermost back side of the mobile device assembly, the back
cover comprising an end; the method comprising: placing
the display module on the front frame portion of the cir-
cumierential frame with the front surface of the display
assembly facing the front frame portion; placing the chassis
on the back surface of the display module, thereby pressing
the display module between the front frame portion and the
chassis; attaching, by means of an adhesive, the chassis to an
interior side of the circumierential frame so that the display
module remains pressed between the chassis and the front
frame portion of the circumierential frame; and attaching a
surface of the end of the back cover directly to the interior
side of the circumierential frame such that the surface of the
end of the back cover 1s directly abutting a portion of the
interior side of the circumierential frame, and the surface of
the end of the back cover and the portion of the interior side
of the circumierential frame being perpendicular to the
display module.

20. Amethod as defined 1n claim 19, wherein attaching the
chassis to the circumierential frame comprises applying a
curable adhesive, 1n flowable state, between the chassis and
the circumierential frame.
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